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1. BACKGROUND OF THE INVENTION 

5 a) Field of the Invention 

The present invention relates to an arrayed waveguide grating (AWG). 
More particularly, the present invention relates to an athermal AWG. The AWG 
made from silica material has a temperature characteristic of about 0.01nm/°C. 
For this reason, the AWG requires a temperature controller for adjusting the 
10 temperature of the AWG to a constant level. 

b) Description of the Related Art & Problems thereof 

Due to temperature dependence of an arrayed waveguide grating (AWG) 
made from silica material, a heater or a Peltier element is used when packaging 
15 the AWG in order to maintain the AWG in a constant temperature. Thus, the 
packaging cost for the AWG may rise and power consumption may increase due 
to the operation of the heater or the Peltier element. 

c) Problems of the Prior Art & Object of the Present Invention 

20 

- Problems of the Prior Art 

Since the AWG made from silica material represents great temperature 
dependence, it is necessary to control the temperature of the AWG in such a 
manner that a wavelength of the AWG matches with an ITU wavelength. In 
25 addition, heat must be applied to the AWG in order to constantly maintain the 
wavelength of the AWG. To control the temperature of the AWG, a heater or a 
Peltier element is added when packaging the AWG, so that the cost of the AWG 
may rise while increasing power consumption. 

30 - Object of the Present Invention 



l 



It is an object of the present invention to provide an athermal arrayed 
waveguide grating (AWG) capable of representing a constant wavelength without 
using a heater or a Peltier element even if the ambient temperature thereof is 
changed. 

5 

2. DETAILED DESCRIPTION OF THE INVENTION 

a) Construction of the Present Invention 

As shown in FIG. 1, an athermal arrayed waveguide grating (AWG) 
10 includes an input terminal, a first star coupler, a waveguide grating, a second star 
coupler, and an output terminal. In addition, as shown in FIG. 2, the first star 
coupler is filled with material representing predetermined dn/dT different from 
that of the silica waveguide. 

1 5 b) Operation of the Present Invention 

According to the present invention, an optical signal inputted into the 
input terminal is introduced into the first star coupler. At this time, since the 
material filled in the first star coupler has dn/dT different from that of other parts 
of the first star coupler, if the temperature is changed, the optical signal may be 

20 refracted with various reflective angles while passing through the first star 
coupler according the Sneir law as shown in FIG. 2. Accordingly, the position of 
the inputted optical signal is changed so that output signals may have constant 
wavelengths. 

25 c) Effect of the Present Invention 

According to the athermal AWG of the present invention, it is not 
necessary to control the temperature of the athermal AWG. In addition, since the 
athermal AWG of the present invention does not use the heater or the Peltier 
element, power consumption may be lowered and the packaging cost for the 

30 athermal AWG can be reduced. In addition, since the athermal AWG of the 
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present invention can be fabricated as a single element, a size thereof can be 
reduced while improving reliability thereof 

3. CLAIMS 

5 

1 . An athermal AWG employing a principle descried above. 

2. An athermal AWG as claimed in claim 1, wherein first and 
second star couplers are filled with materials representing predetermined dn/dT 

10 different from that of other parts of the first and second star couplers so that a 
refractive index of an optical signal is changed when the optical signal passes 
through the first and second star couplers. 

4. DRAWINGS 

15 




Figure 1 

20 
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Figure 2 
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[ABSTRACT] 



Disclosed is an athermal arrayed waveguide grating. The arrayed waveguide 
grating comprises an input waveguide for inputting two or more optical signals from 
5 one exterior side, a grating array for separating the optical signals into different 
wavelengths of light, a first slab, formed with two layers which have different refractive 
indices from each other, for connecting the input waveguide with the grating array, a 
second slab for causing the different wavelengths of light separated at the grating array 
to be imaged on an egress surface thereof, and an output waveguide array for outputting 
1 0 each wavelength of light imaged on the egress surface of the second slab to the other 
exterior side in a form of a separated channel. 

[REPRESENTATIVE FIGURE] 

Figure 2 

15 

[INDEX] 

WAVEGUIDE GRATING, WAVEGUIDE, WAVELENGTH DIVISION 
MULTIPLEXING 
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[TITLE OF THE IN VENTION1 



ATHERMAL ARRAYED WAVEGUIDE GRATING 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention; and 

FIG 2 is an enlarged plan view of portions of the input waveguide and the first 
1 0 slab shown in FIG. 1 . 

[DETAILED DESCRIPTION OF THE INVENTIONl 
[OBJECT OF THE INVENTION] 

[RELATED FILED AND PRIOR ART OF THE INVENTIONl 

15 

The present invention relates to an athermal arrayed waveguide grating, and 
more particularly to an arrayed waveguide grating having a means capable of 
compensating wavelength changes according to temperature. 

With a recent burst of growth of various types of data services including 

20 Internet, there has been a demand that transmission capacity should be substantially 
increased in basic networks. It seems this trend will be maintained in the future. The 
best economical plan capable of meeting with this demand is to maximize transmission 
capacity of the optical fibers which have already been in use. For example, an optical 
communication system is operated in a wavelength division multiplexing (WDM) mode 

25 in which a plurality of channels can be transmitted/received through a single optical 
fiber as one communication line, instead of additionally installing new optical fibers on 
a large scale. This optical communication system was commercialized in 1995 for the 
first time, and thereby available transmission/reception capacity was remarkably 
increased. 



In the case of the foregoing WDM mode, an optical device, such as an arrayed 
waveguide grating in which an optical waveguide is formed on a flat plate of silica by a 
combination of fiber optic technology with technology for manufacturing a large scale 
integrated circuit (LSI), is used as a wavelength division multiplexer/demultiplexer for 
5 allowing multiple wavelengths to be combined and separated. However, the arrayed 
waveguide grating undergoes a change in refractive index as its temperature changes. 
As a result, optical signals inputted into the arrayed waveguide grating are subjected to 
a change in phase. Consequently, each channel outputted from the arrayed waveguide 
grating is subjected to a wavelength sweep. 
10 The arrayed waveguide grating (AWG) includes an input waveguide, a grating 

array, first and second slabs, and an output waveguide array, and functions as a 
wavelength division multiplexer/demultiplexer in which optical signals inputted from 
the outside are not only demultiplexed into a plurality of channels having different 
wavelengths but also multiplexed into one channel, and then output the 
15 multiplexed/demultiplexed resultant(s). The AWG may further include a temperature 
controller, thus preventing a wavelength sweep of outputted channel(s) caused by a 
change in the external temperature. 

The temperature controller includes a heater device or a peltier device. 
Alternatively, an isothermal plate of copper, for instance, may be inserted between the 
20 AWG and a heater or peltier device. 

The input waveguide inputs external optical signals into the first slab. The 
grating array separates the inputted optical signals into different wavelengths of light. 
The first slab connects the input waveguide with the grating array. The second slab 
allows the separated wavelengths of light to be imaged on its egress surface. Further, 
25 the output waveguide array allows each wavelength of light, which is imaged on the 
egress surface of the second slab, to be outputted to the outside in a form of a separated 
channel. 

The AWG or waveguide module including the heater or peltier device as 
mentioned above is disclosed in the International Patent Application No. 
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PCT/JP2001/00352 to Hiro Yoshiyuki et al., entitled "Heater Module and Optical 
Waveguide Module", the teachings of which are hereby incorporated by reference. 

The AWG includes the temperature controller, so that the AWG suppresses a 
change in phase of an optical signal caused by a temperature change and the resultant 
5 wavelength sweep of each output channel. That is to say, the temperature controller 
allows the AWG to maintain constant temperature, so that each output channel can be 
prevented from being swept in wavelength and the AWG can be guaranteed to obtain 
stable performance characteristic. However, because the conventional AWG employs 
the heater or peltier device as the temperature controller, the AWG should be always 
10 heated during operation. As a result, there is a problem in that the AWG has an 
increased power consumption. In addition, there are other problems in that the AWG 
has an increased volume, a complicated assembly process, an increased manufacturing 
cost and so forth. 

1 5 [SUBSTANTIAL MATTER OF THE INVENTION] 

Accordingly, the present invention has been made to solve the above- 
mentioned problems occurring in the prior art, and an object of the present invention is 
to provide an athermal arrayed waveguide grating allowing for not only reducing power 

20 consumption and volume, but also enhancing the production efficiency. 

In order to accomplish the second object, there is provided an athermal arrayed 
waveguide grating comprising: an input waveguide for inputting two or more optical 
signals from one exterior side; a grating array for separating the optical signals into 
different wavelengths of light; a first slab, formed with two layers which have different 

25 refractive indices from each other, for connecting the input waveguide with the grating 
array; a second slab for causing the different wavelengths of light separated at the 
grating array to be imaged on an egress surface thereof; and an output waveguide array 
for outputting each wavelength of light imaged on the egress surface of the second slab 
to the other exterior side in a form of a separated channel. 



[CONSTRUCTION AND OPERATION OF THE PRESENT 
INVENTION] 



5 Hereinafter, a preferred embodiment of the present invention will be described 

in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
invention rather unclear. 

10 FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 

according to the present invention. Referring to FIG. 1, the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
160 and an output waveguide, 170 which are formed on the optical layer by a 

15 semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 
20 slab 140 shown in FIG 1. Referring to FIG 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 
and the second layer 142 has the same refractive index nl as that of the input waveguide 
25 130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
141, A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 
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The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
a predetermined refractive angle p. Here, the relationship between the refractive angle 
5 p of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on Snell's law, as follows. 

Equation 1 
10 n x sin a = n 2 sin J3 , 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and p is the refractive angle of the optical signal refracted in 
the first layer 141. 

15 The second layer 142 has a refractive index which is different from that of the 

first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 
and second layers 141 and 142. To be more specific, because the input waveguide 130 

20 has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 

With a change in temperature, the first layer 141 has a changed refractive index. 

25 As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 



input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
Therefore, an optical path of the optical signal within the first slab 140 is transformed 
5 depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
second layer 142, and thereby the wavelength sweep resulting from the temperature 

10 change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07|xm in a direction in which the optical signal travels, and the second layer 142 has 
a refractive index of 1 .46. 

15 In this case, an initial optical signal, which is inputted into the first slab 140 

before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
traveling through the first layer 141 has a refractive angle P of 31.03° when the 

20 temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
waveguides each of which is a different length from each other. The optical signals 
25 inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 

The second slab 160 receives the different wavelengths of light separated by 
the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 1 70 is connected to the output side of the second slab 1 60 
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and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI to Xn have different wavelengths from each other. 

As can be seen from the above, the AWG according to the present invention is 
5 formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 
packaging constructure, and thus reducing its volume and manufacturing process. 

10 

Hereinafter, a preferred embodiment of the present invention will be described 
in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
1 5 invention rather unclear. 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention. Referring to FIG. 1 , the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
20 160 and an output waveguide, 170 which are formed on the optical layer by a 
semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

25 FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 

slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 
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and the second layer 142 has the same refractive index nl as that of the input waveguide 
130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
5 141. A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 

The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
10 a predetermined refractive angle p. Here, the relationship between the refractive angle 
p of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on SnelPs law, as follows. 
15 Equation 1 

n x sin a = n 2 sin /3 , 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and P is the refractive angle of the optical signal refracted in 

20 the first layer 141. 

The second layer 142 has a refractive index which is different from that of the 
first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 

25 and second layers 141 and 142. To be more specific, because the input waveguide 130 
has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 



With a change in temperature, the first layer 141 has a changed refractive index. 
As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
5 that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 
input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
10 Therefore, an optical path of the optical signal within the first slab 140 is transformed 
depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
15 second layer 142, and thereby the wavelength sweep resulting from the temperature 
change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07|im in a direction in which the optical signal travels, and the second layer 142 has 
20 a refractive index of 1 .46. 

In this case, an initial optical signal, which is inputted into the first slab 140 
before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
25 traveling through the first layer 141 has a refractive angle P of 31.03° when the 
temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
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waveguides each of which is a different length from each other. The optical signals 
inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 
The second slab 160 receives the different wavelengths of light separated by 
5 the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 
and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI to Xn have different wavelengths from each other. 

10 As can be seen from the above, the AWG according to the present invention is 

formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 

15 packaging constructure, and thus reducing its volume and manufacturing process. 



WHAT IS CLAIMED IS: 



1. An athermal arrayed waveguide grating comprising: 

an input waveguide for inputting two or more optical signals from one exterior 

5 side; 

a grating array for separating the optical signals into different wavelengths of 

light; 

a first slab, formed with two layers which have different refractive indices from 
each other, for connecting the input waveguide with the grating array; 
10 a second slab for causing the different wavelengths of light separated at the 

grating array to be imaged on an egress surface thereof; and 

an output waveguide array for outputting each wavelength of light imaged on 
the egress surface of the second slab to the other exterior side in a form of a separated 
channel. 

15 

2. An athermal arrayed waveguide grating according to claim 1, wherein the 
first slab comprises: 

a first layer connected to the input waveguide and having a predetermined 
refractive index which is different from that of the input waveguide; and 
20 a second layer interposed between the first layer and the grating array and 

having a refractive index which is equal to that of the input waveguide. 

3. An athermal arrayed waveguide grating according to claim 2, wherein the 
first slab is formed by material having a refractive index of 1.415 for the first layer and 

25 having a refractive index of 1 .46 for the second layer. 

4. An athermal arrayed waveguide grating according to claim 2, wherein the 
first layer of the first slab has a length of 21.07|nm in a direction in which the optical 
signal travels. 
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[ABSTRACT] 



Disclosed is an athermal arrayed waveguide grating. The arrayed waveguide 
grating comprises an input waveguide for inputting two or more optical signals from 
5 one exterior side, a grating array for separating the optical signals into different 
wavelengths of light, a first slab, formed with two layers which have different refractive 
indices from each other, for connecting the input waveguide with the grating array, a 
second slab for causing the different wavelengths of light separated at the grating array 
to be imaged on an egress surface thereof, and an output waveguide array for outputting 
10 each wavelength of light imaged on the egress surface of the second slab to the other 
exterior side in a form of a separated channel. 

[REPRESENTATIVE FIGURE] 

Figure 2 

15 
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[TITLE OF THE INVENTION! 

ATHERMAL ARRAYED WAVEGUIDE GRATING 
5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention; and 

FIG 2 is an enlarged plan view of portions of the input waveguide and the first 
1 0 slab shown in FIG. 1 . 

[DETAILED DESCRIPTION OF THE INVENTION] 
[OBJECT OF THE INVENTION] 

[RELATED FILED AND PRIOR ART OF THE INVENTION] 

15 

• The present invention relates to an athermal arrayed waveguide grating, and 
more particularly to an arrayed waveguide grating having a means capable of 
compensating wavelength changes according to temperature. 

With a recent burst of growth of various types of data services including 

20 Internet, there has been a demand that transmission capacity should be substantially 
increased in basic networks. It seems this trend will be maintained in the future. The 
best economical plan capable of meeting with this demand is to maximize transmission 
capacity of the optical fibers which have already been in use. For example, an optical 
communication system is operated in a wavelength division multiplexing (WDM) mode 

25 in which a plurality of channels can be transmitted/received through a single optical 
fiber as one communication line, instead of additionally installing new optical fibers on 
a large scale. This optical communication system was commercialized in 1995 for the 
first time, and thereby available transmission/reception capacity was remarkably 
increased. 
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In the case of the foregoing WDM mode, an optical device, such as an arrayed 
waveguide grating in which an optical waveguide is formed on a flat plate of silica by a 
combination of fiber optic technology with technology for manufacturing a large scale 
integrated circuit (LSI), is used as a wavelength division multiplexer/demultiplexer for 
5 allowing multiple wavelengths to be combined and separated. However, the arrayed 
waveguide grating undergoes a change in refractive index as its temperature changes. 
As a result, optical signals inputted into the arrayed waveguide grating are subjected to 
a change in phase. Consequently, each channel outputted from the arrayed waveguide 
grating is subjected to a wavelength sweep. 

10 The arrayed waveguide grating (AWG) includes an input waveguide, a grating 

array, first and second slabs, and an output waveguide array, and functions as a 
wavelength division multiplexer/demultiplexer in which optical signals inputted from 
the outside are not only demultiplexed into a plurality of channels having different 
wavelengths but also multiplexed into one channel, and then output the 

15 multiplexed/demultiplexed resultant(s). The AWG may further include a temperature 
controller, thus preventing a wavelength sweep of outputted channel(s) caused by a 
change in the external temperature. 

The temperature controller includes a heater device or a peltier device. 
Alternatively, an isothermal plate of copper, for instance, may be inserted between the 

20 AWG and a heater or peltier device. 

The input waveguide inputs external optical signals into the first slab. The 
grating array separates the inputted optical signals into different wavelengths of light. 
The first slab connects the input waveguide with the grating array. The second slab 
allows the separated wavelengths of light to be imaged on its egress surface. Further, 

25 the output waveguide array allows each wavelength of light, which is imaged on the 
egress surface of the second slab, to be outputted to the outside in a form of a separated 
channel. 

The AWG or waveguide module including the heater or peltier device as 
mentioned above is disclosed in the International Patent Application No. 



PCT/JP2001/00352 to Hiro Yoshiyuki et al., entitled "Heater Module and Optical 
Waveguide Module", the teachings of which are hereby incorporated by reference. 

The AWG includes the temperature controller, so that the AWG suppresses a 
change in phase of an optical signal caused by a temperature change and the resultant 
5 wavelength sweep of each output channel. That is to say, the temperature controller 
allows the AWG to maintain constant temperature, so that each output channel can be 
prevented from being swept in wavelength and the AWG can be guaranteed to obtain 
stable performance characteristic. However, because the conventional AWG employs 
the heater or peltier device as the temperature controller, the AWG should be always 
10 heated during operation. As a result, there is a problem in that the AWG has an 
increased power consumption. In addition, there are other problems in that the AWG 
has an increased volume, a complicated assembly process, an increased manufacturing 
cost and so forth. 

1 5 [SUBSTANTIAL MATTER OF THE INVENTION] 

Accordingly, the present invention has been made to solve the above- 
mentioned problems occurring in the prior art, and an object of the present invention is 
to provide an athermal arrayed waveguide grating allowing for not only reducing power 

20 consumption and volume, but also enhancing the production efficiency. 

In order to accomplish the second object, there is provided an athermal arrayed 
waveguide grating comprising: an input waveguide for inputting two or more optical 
signals from one exterior side; a grating array for separating the optical signals into 
different wavelengths of light; a first slab, formed with two layers which have different 

25 refractive indices from each other, for connecting the input waveguide with the grating 
array; a second slab for causing the different wavelengths of light separated at the 
grating array to be imaged on an egress surface thereof; and an output waveguide array 
for outputting each wavelength of light imaged on the egress surface of the second slab 
to the other exterior side in a form of a separated channel. 
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[CONSTRUCTIION AND OPERATION OF THE PRESENT 
INVENTION] 



5 Hereinafter, a preferred embodiment of the present invention will be described 

in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
invention rather unclear. 

10 FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 

according to the present invention. Referring to FIG. 1, the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
160 and an output waveguide, 170 which are formed on the optical layer by a 

15 semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 
20 slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 
and the second layer 142 has the same refractive index nl as that of the input waveguide 
25 130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
141. A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 



The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
a predetermined refractive angle p. Here, the relationship between the refractive angle 
5 p of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on Snell's law, as follows. 

Equation 1 
10 n x sin a = n 2 sin/?, 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and P is the refractive angle of the optical signal refracted in 
the first layer 141. 

15 The second layer 142 has a refractive index which is different from that of the 

first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 
and second layers 141 and 142. To be more specific, because the input waveguide 130 

20 has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 

With a change in temperature, the first layer 141 has a changed refractive index. 

25 As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 
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input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
Therefore, an optical path of the optical signal within the first slab 140 is transformed 
5 depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
second layer 142, and thereby the wavelength sweep resulting from the temperature 

1 0 change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07jj,m in a direction in which the optical signal travels, and the second layer 142 has 
a refractive index of 1 .46. 

15 In this case, an initial optical signal, which is inputted into the first slab 140 

before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
traveling through the first layer 141 has a refractive angle p of 31.03° when the 

20 temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
waveguides each of which is a different length from each other. The optical signals 
25 inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 

The second slab 160 receives the different wavelengths of light separated by 
the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 
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and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI to fan have different wavelengths from each other. 

As can be seen from the above, the AWG according to the present invention is 
5 formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 
packaging constructure, and thus reducing its volume and manufacturing process. 

10 

Hereinafter, a preferred embodiment of the present invention will be described 
in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
1 5 invention rather unclear. 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention. Referring to FIG. 1, the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
20 160 and an output waveguide, 170 which are formed on the optical layer by a 
semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

25 FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 

slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 



and the second layer 142 has the same refractive index nl as that of the input waveguide 
130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
5 141. A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 

The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
10 a predetermined refractive angle p. Here, the relationship between the refractive angle 
p of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on Snell's law, as follows. 
15 Equation 1 

n x sin a = n 2 sin ft , 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and p is the refractive angle of the optical signal refracted in 

20 the first layer 141. 

The second layer 142 has a refractive index which is different from that of the 
first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 

25 and second layers 141 and 142. To be more specific, because the input waveguide 130 
has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 



With a change in temperature, the first layer 141 has a changed refractive index. 
As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
5 that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 
input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
10 Therefore, an optical path of the optical signal within the first slab 140 is transformed 
depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
15 second layer 142, and thereby the wavelength sweep resulting from the temperature 
change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07}im in a direction in which the optical signal travels, and the second layer 142 has 
20 a refractive index of 1 .46. 

In this case, an initial optical signal, which is inputted into the first slab 140 
before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
25 traveling through the first layer 141 has a refractive angle P of 31.03° when the 
temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
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waveguides each of which is a different length from each other. The optical signals 
inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 
The second slab 1 60 receives the different wavelengths of light separated by 
5 the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 
and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI toXn have different wavelengths from each other. 

10 As can be seen from the above, the AWG according to the present invention is 

formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 

15 packaging constructure, and thus reducing its volume and manufacturing process. 



WHAT IS CLAIMED IS: 



1. An athermal arrayed waveguide grating comprising: 

an input waveguide for inputting two or more optical signals from one exterior 

5 side; 

a grating array for separating the optical signals into different wavelengths of 

light; 

a first slab, formed with two layers which have different refractive indices from 
each other, for connecting the input waveguide with the grating array; 
10 a second slab for causing the different wavelengths of light separated at the 

grating array to be imaged on an egress surface thereof; and 

an output waveguide array for outputting each wavelength of light imaged on 
the egress surface of the second slab to the other exterior side in a form of a separated 
channel. 

15 

2. An athermal arrayed waveguide grating according to claim 1, wherein the 
first slab comprises: 

a first layer connected to the input waveguide and having a predetermined 
refractive index which is different from that of the input waveguide; and 
20 a second layer interposed between the first layer and the grating array and 

having a refractive index which is equal to that of the input waveguide. 

3. An athermal arrayed waveguide grating according to claim 2, wherein the 
first slab is formed by material having a refractive index of 1.415 for the first layer and 

25 having a refractive index of 1.46 for the second layer. 

4. An athermal arrayed waveguide grating according to claim 2, wherein the 
first layer of the first slab has a length of 21.07jim in a direction in which the optical 
signal travels. 
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[ABSTRACT] 



Disclosed is an athermal arrayed waveguide grating. The arrayed waveguide 
grating comprises an input waveguide for inputting two or more optical signals from 
5 one exterior side, a grating array for separating the optical signals into different 
wavelengths of light, a first slab, formed with two layers which have different refractive 
indices from each other, for connecting the input waveguide with the grating array, a 
second slab for causing the different wavelengths of light separated at the grating array 
to be imaged on an egress surface thereof, and an output waveguide array for outputting 
10 each wavelength of light imaged on the egress surface of the second slab to the other 
exterior side in a form of a separated channel. 

[REPRESENTATIVE FIGURE] 

Figure 2 

15 
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[TITLE OF THE IN VENTION1 



ATHERMAL ARRAYED WAVEGUIDE GRATING 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention; and 

FIG 2 is an enlarged plan view of portions of the input waveguide and the first 
10 slab shown in FIG. 1. 

[DETAILED DESCRIPTION OF THE INVENTIONl 
fOBJECT OF THE INVENTIONl 

[RELATED FILED AND PRIOR ART OF THE INVENTIONl 

15 

The present invention relates to an athermal arrayed waveguide grating, and 
more particularly to an arrayed waveguide grating having a means capable of 
compensating wavelength changes according to temperature. 

With a recent burst of growth of various types of data services including 

20 Internet, there has been a demand that transmission capacity should be substantially 
increased in basic networks. It seems this trend will be maintained in the future. The 
best economical plan capable of meeting with this demand is to maximize transmission 
capacity of the optical fibers which have already been in use. For example, an optical 
communication system is operated in a wavelength division multiplexing (WDM) mode 

25 in which a plurality of channels can be transmitted/received through a single optical 
fiber as one communication line, instead of additionally installing new optical fibers on 
a large scale. This optical communication system was commercialized in 1995 for the 
first time, and thereby available transmission/reception capacity was remarkably 
increased. 



In the case of the foregoing WDM mode, an optical device, such as an arrayed 
waveguide grating in which an optical waveguide is formed on a flat plate of silica by a 
combination of fiber optic technology with technology for manufacturing a large scale 
integrated circuit (LSI), is used as a wavelength division multiplexer/demultiplexer for 
5 allowing multiple wavelengths to be combined and separated. However, the arrayed 
waveguide grating undergoes a change in refractive index as its temperature changes. 
As a result, optical signals inputted into the arrayed waveguide grating are subjected to 
a change in phase. Consequently, each channel outputted from the arrayed waveguide 
grating is subjected to a wavelength sweep. 

10 The arrayed waveguide grating (AWG) includes an input waveguide, a grating 

array, first and second slabs, and an output waveguide array, and functions as a 
wavelength division multiplexer/demultiplexer in which optical signals inputted from 
the outside are not only demultiplexed into a plurality of channels having different 
wavelengths but also multiplexed into one channel, and then output the 

1 5 multiplexed/demultiplexed resultant(s). The AWG may further include a temperature 
controller, thus preventing a wavelength sweep of outputted channel(s) caused by a 
change in the external temperature. 

The temperature controller includes a heater device or a peltier device. 
Alternatively, an isothermal plate of copper, for instance, may be inserted between the 

20 AWG and a heater or peltier device. 

The input waveguide inputs external optical signals into the first slab. The 
grating array separates the inputted optical signals into different wavelengths of light. 
The first slab connects the input waveguide with the grating array. The second slab 
allows the separated wavelengths of light to be imaged on its egress surface. Further, 

25 the output waveguide array allows each wavelength of light, which is imaged on the 
egress surface of the second slab, to be outputted to the outside in a form of a separated 
channel. 

The AWG or waveguide module including the heater or peltier device as 
mentioned above is disclosed in the International Patent Application No. 

-3 - 



PCT/JP200 1/00352 to Hiro Yoshiyuki et al., entitled "Heater Module and Optical 
Waveguide Module", the teachings of which are hereby incorporated by reference. 

The AWG includes the temperature controller, so that the AWG suppresses a 
change in phase of an optical signal caused by a temperature change and the resultant 
5 wavelength sweep of each output channel. That is to say, the temperature controller 
allows the AWG to maintain constant temperature, so that each output channel can be 
prevented from being swept in wavelength and the AWG can be guaranteed to obtain 
stable performance characteristic. However, because the conventional AWG employs 
the heater or peltier device as the temperature controller, the AWG should be always 
10 heated during operation. As a result, there is a problem in that the AWG has an 
increased power consumption. In addition, there are other problems in that the AWG 
has an increased volume, a complicated assembly process, an increased manufacturing 
cost and so forth. 

1 5 [SUBSTANTIAL MATTER OF THE INVENTION] 

Accordingly, the present invention has been made to solve the above- 
mentioned problems occurring in the prior art, and an object of the present invention is 
to provide an athermal arrayed waveguide grating allowing for not only reducing power 

20 consumption and volume, but also enhancing the production efficiency. 

In order to accomplish the second object, there is provided an athermal arrayed 
waveguide grating comprising: an input waveguide for inputting two or more optical 
signals from one exterior side; a grating array for separating the optical signals into 
different wavelengths of light; a first slab, formed with two layers which have different 

25 refractive indices from each other, for connecting the input waveguide with the grating 
array; a second slab for causing the different wavelengths of light separated at the 
grating array to be imaged on an egress surface thereof; and an output waveguide array 
for outputting each wavelength of light imaged on the egress surface of the second slab 
to the other exterior side in a form of a separated channel. 



[CONSTRUCTIION AND OPERATION OF THE PRESENT 
INVENTION] 



5 Hereinafter, a preferred embodiment of the present invention will be described 

in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
invention rather unclear. 

10 FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 

according to the present invention. Referring to FIG. 1 , the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
160 and an output waveguide, 170 which are formed on the optical layer by a 

15 semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 
20 slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 
and the second layer 142 has the same refractive index nl as that of the input waveguide 
25 130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
141. A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 



The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
a predetermined refractive angle p. Here, the relationship between the refractive angle 
5 P of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on Snell's law, as follows. 

Equation 1 
10 n } sin a = n 2 sin p , 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and p is the refractive angle of the optical signal refracted in 
the first layer 141. 

15 The second layer 142 has a refractive index which is different from that of the 

first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 
and second layers 141 and 142. To be more specific, because the input waveguide 130 

20 has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 

With a change in temperature, the first layer 141 has a changed refractive index. 

25 As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 



input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
Therefore, an optical path of the optical signal within the first slab 140 is transformed 
5 depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
second layer 142, and thereby the wavelength sweep resulting from the temperature 

10 change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07fxm in a direction in which the optical signal travels, and the second layer 142 has 
a refractive index of 1.46. 

15 In this case, an initial optical signal, which is inputted into the first slab 140 

before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
traveling through the first layer 141 has a refractive angle P of 31.03° when the 

20 temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
waveguides each of which is a different length from each other. The optical signals 
25 inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 

The second slab 160 receives the different wavelengths of light separated by 
the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 



and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels X\ to Xn have different wavelengths from each other. 

As can be seen from the above, the AWG according to the present invention is 
5 formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 
packaging constructure, and thus reducing its volume and manufacturing process. 

10 

Hereinafter, a preferred embodiment of the present invention will be described 
in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
1 5 invention rather unclear. 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention. Referring to FIG. 1, the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
20 160 and an output waveguide, 170 which are formed on the optical layer by a 
semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

25 FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 

slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 



and the second layer 142 has the same refractive index nl as that of the input waveguide 
130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
5 141. A certain optical signal is incidented into the input waveguide 130 at a 
predetermined incident angle a. 

The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
10 a predetermined refractive angle p. Here, the relationship between the refractive angle 
P of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
Equation 1 based on Snell's law, as follows. 
1 5 Equation 1 

n x sin a = n 2 sin /? , 

where nl is the refractive index of the input waveguide 130, a is the incident 
angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and P is the refractive angle of the optical signal refracted in 

20 the first layer 141. 

The second layer 142 has a refractive index which is different from that of the 
first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 
signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 

25 and second layers 141 and 142. To be more specific, because the input waveguide 130 
has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 
a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 
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With a change in temperature, the first layer 141 has a changed refractive index. 
As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 
second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
5 that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 
input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 
traveling through the first layer 141 undergoes a change in its refractive angle y. 
10 Therefore, an optical path of the optical signal within the first slab 140 is transformed 
depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 
depending on the temperature change is differently changed compared with that of the 
15 second layer 142, and thereby the wavelength sweep resulting from the temperature 
change of the optical signal is corrected. 

The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07|am in a direction in which the optical signal travels, and the second layer 142 has 
20 a refractive index of 1 .46. 

In this case, an initial optical signal, which is inputted into the first slab 140 
before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
25 traveling through the first layer 141 has a refractive angle P of 31.03° when the 
temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
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waveguides each of which is a different length from each other. The optical signals 
inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 
The second slab 1 60 receives the different wavelengths of light separated by 
5 the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 
and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI toXn have different wavelengths from each other. 

10 As can be seen from the above, the AWG according to the present invention is 

formed with the first slab by media having different refractive indices from each other, 
so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 

15 packaging constructure, and thus reducing its volume and manufacturing process. 



WHAT IS CLAIMED IS: 

1. An athermal arrayed waveguide grating comprising: 

an input waveguide for inputting two or more optical signals from one exterior 

5 side; 

a grating array for separating the optical signals into different wavelengths of 

light; 

a first slab, formed with two layers which have different refractive indices from 
each other, for connecting the input waveguide with the grating array; 
10 a second slab for causing the different wavelengths of light separated at the 

grating array to be imaged on an egress surface thereof; and 

an output waveguide array for outputting each wavelength of light imaged on 
the egress surface of the second slab to the other exterior side in a form of a separated 
channel. 

15 

2. An athermal arrayed waveguide grating according to claim 1, wherein the 
first slab comprises: 

a first layer connected to the input waveguide and having a predetermined 
refractive index which is different from that of the input waveguide; and 
20 a second layer interposed between the first layer and the grating array and 

having a refractive index which is equal to that of the input waveguide. 

3. An athermal arrayed waveguide grating according to claim 2, wherein the 
first slab is formed by material having a refractive index of 1.415 for the first layer and 

25 having a refractive index of 1 .46 for the second layer. 

4. An athermal arrayed waveguide grating according to claim 2, wherein the 
first layer of the first slab has a length of 21.07|om in a direction in which the optical 
signal travels. 
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ATHERMAL ARRAYED WAVEGUIDE GRATING 



PRIORITY 

This application claims priority to an application entitled "Athermal arrayed 
5 waveguide grating" filed in the Korean Industrial Property Office on January 21, 
2003 and assigned Serial No. 2003-4028, the contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

10 

1 . Field of the Invention 

The present invention relates to an athermal arrayed waveguide grating, and 
more particularly to an arrayed waveguide grating having a means capable of 
compensating wavelength changes according to temperature. 

1 5 2. Description of the Related Art 

With a recent burst of growth of various types of data services including 
Internet, there has been a demand that transmission capacity should be substantially 
increased in basic networks. It seems this trend will be maintained in the future. The 
best economical plan capable of meeting with this demand is to maximize transmission 

20 capacity of the optical fibers which have already been in use. For example, an optical 
communication system is operated in a wavelength division multiplexing (WDM) mode 
in which a plurality of channels can be transmitted/received through a single optical 
fiber as one communication line, instead of additionally installing new optical fibers on 
a large scale. This optical communication system was commercialized in 1995 for the 

25 first time, and thereby available transmission/reception capacity was remarkably 
increased. 

In the case of the foregoing WDM mode, an optical device, such as an arrayed 
waveguide grating in which an optical waveguide is formed on a flat plate of silica by a 
combination of fiber optic technology with technology for manufacturing a large scale 
30 integrated circuit (LSI), is used as a wavelength division multiplexer/demultiplexer for 
allowing multiple wavelengths to be combined and separated. However, the arrayed 
waveguide grating undergoes a change in refractive index as its temperature changes. 
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As a result, optical signals inputted into the arrayed waveguide grating are subjected to 
a change in phase. Consequently, each channel outputted from the arrayed waveguide 
grating is subjected to a wavelength sweep. 

The arrayed waveguide grating (AWG) includes an input waveguide, a grating 
5 array, first and second slabs, and an output waveguide array, and functions as a 
wavelength division multiplexer/demultiplexer in which optical signals inputted from 
the outside are not only demultiplexed into a plurality of channels having different 
wavelengths but also multiplexed into one channel, and then output the 
multiplexed/demultiplexed resultant(s). The AWG may further include a temperature 

10 controller, thus preventing a wavelength sweep of outputted channel(s) caused by a 
change in the external temperature. 

The temperature controller includes a heater device or a peltier device. 
Alternatively, an isothermal plate of copper, for instance, may be inserted between the 
AWG and a heater or peltier device. 

15 The input waveguide inputs external optical signals into the first slab. The 

grating array separates the inputted optical signals into different wavelengths of light. 
The first slab connects the input waveguide with the grating array. The second slab 
allows the separated wavelengths of light to be imaged on its egress surface. Further, 
the output waveguide array allows each wavelength of light, which is imaged on the 

20 egress surface of the second slab, to be outputted to the outside in a form of a separated 
channel. 

The AWG or waveguide module including the heater or peltier device as 
mentioned above is disclosed in the International Patent Application No. 
PCT/JP2001/00352 to Hiro Yoshiyuki et al., entitled "Heater Module and Optical 

25 Waveguide Module", the teachings of which are hereby incorporated by reference. 

The AWG includes the temperature controller, so that the AWG suppresses a 
change in phase of an optical signal caused by a temperature change and the resultant 
wavelength sweep of each output channel. That is to say, the temperature controller 
allows the AWG to maintain constant temperature, so that each output channel can be 

30 prevented from being swept in wavelength and the AWG can be guaranteed to obtain 
stable performance characteristic. However, because the conventional AWG employs 
the heater or peltier device as the temperature controller, the AWG should be always 
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heated during operation. As a result, there is a problem in that the AWG has an 
increased power consumption. In addition, there are other problems in that the AWG 
has an increased volume, a complicated assembly process, an increased manufacturing 
cost and so forth. 

5 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made to solve the above- 
mentioned problems occurring in the prior art, and an object of the present invention is 
to provide an athermal arrayed waveguide grating allowing for not only reducing power 

1 0 consumption and volume, but also enhancing the production efficiency. 

In order to accomplish the second object, there is provided an athermal arrayed 
waveguide grating comprising: an input waveguide for inputting two or more optical 
signals from one exterior side; a grating array for separating the optical signals into 
different wavelengths of light; a first slab, formed with two layers which have different 

1 5 refractive indices from each other, for connecting the input waveguide with the grating 
array; a second slab for causing the different wavelengths of light separated at the 
grating array to be imaged on an egress surface thereof; and an output waveguide array 
for outputting each wavelength of light imaged on the egress surface of the second slab 
to the other exterior side in a form of a separated channel. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention 
will be more apparent from the following detailed description taken in conjunction with 
25 the accompanying drawings, in which: 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention; and 

FIG. 2 is an enlarged plan view of portions of the input waveguide and the first 
slab shown in FIG. 1. 

30 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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Hereinafter, a preferred embodiment of the present invention will be described 
in detail with reference to the accompanying drawings. In the following description of 
the present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the present 
5 invention rather unclear. 

FIG. 1 is a perspective view showing an arrayed waveguide grating (AWG) 
according to the present invention. Referring to FIG. 1, the AWG comprises an optical 
layer 120 which is deposited on a substrate 10 of silica and made up of a clad layer and 
a core layer, an input waveguide 130, a first slab 140, a grating array 150, a second slab 
10 160 and an output waveguide, 170 which are formed on the optical layer by a 
semiconductor manufacturing process and the like. 

The input waveguide 130 is element for causing optical signals inputted from 
the outside to be inputted into the first slab 140. Each optical signal has a preset 
wavelength range. 

15 FIG. 2 is an enlarged view of portions of the input waveguide 130 and the first 

slab 140 shown in FIG. 1. Referring to FIG. 2, the first slab 140 connects the input 
waveguide 140 with the grating array 150. The first slab 140 comprises first and 
second layers 141 and 142 having different refractive indices nl and n2, wherein the 
first layer 141 has a different refractive index n2 from that of the input waveguide 130, 

20 and the second layer 142 has the same refractive index nl as that of the input waveguide 
130. 

The input waveguide 130 is made up of a medium having the same refractive 
index nl as that of the second layer 142, and is bounded on one side by the first layer 
141. A certain optical signal is incidented into the input waveguide 130 at a 

25 predetermined incident angle a. 

The first layer 141 has a different refractive index n2 from that nl of the 
second layer 142 or the input waveguide 130. Therefore, an optical signal incidented 
from the input waveguide 130 to the first layer 141 at the incident angle a is refracted at 
a predetermined refractive angle p. Here, the relationship between the refractive angle 

30 [3 of the optical signal refracted at the first layer 141, the refractive index of the first 
layer 141, the incident angle a of the optical signal traveling through the input 
waveguide 130, and the refractive index of the input waveguide 130 may be given by 
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Equation 1 based on Snell's law, as follows. 
Equation 1 

n } sin a = n 2 sin (5 , 

where nl is the refractive index of the input waveguide 130, a is the incident 
5 angle of the optical signal traveling through the input waveguide 130, n2 is refractive 
index of the first layer 141, and P is the refractive angle of the optical signal refracted in 
the first layer 141. 

The second layer 142 has a refractive index which is different from that of the 
first layer 141 but is equal to that of the input waveguide 130. Therefore, the optical 

10 signal incidented from the first layer 141 to the second layer 142 is refracted at a 
predetermined refractive angle a owing to a refractive index difference between the first 
and second layers 141 and 142. To be more specific, because the input waveguide 130 
has the same refractive index as the second layer 142, the optical signal which passes 
through the first layer 141 and then enters the second layer 142 has the refractive angle 

15 a of the same gradient as that of the incident angle a of the optical signal which travels 
through the input waveguide 130. 

With a change in temperature, the first layer 141 has a changed refractive index. 
As a result, the optical signal incidented into the first layer 141 is subjected to refraction 
at a different refractive angle y from the original refractive angel p. However, the 

20 second layer 142 has the same refractive index nl as that of the input waveguide 130, so 
that the optical signal incidented into the second layer 142 is refracted at a refractive 
angle a which is equal to the incident angle a of the optical signal incidented into the 
input waveguide 130. 

Specifically, due to the change in external temperature, the optical signal 

25 traveling through the first layer 141 undergoes a change in its refractive angle y. 
Therefore, an optical path of the optical signal within the first slab 140 is transformed 
depending on such a temperature change. The second layer 142 compensates for a 
change in wavelength caused by the temperature change by reconverging the optical 
signal inputted from the first layer 141. The refractive index of the first layer 141 

30 depending on the temperature change is differently changed compared with that of the 
second layer 142, and thereby the wavelength sweep resulting from the temperature 
change of the optical signal is corrected. 
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The first slab according to the present invention may be constructed, for 
instance, so that the first layer 141 has a refractive index of 1.415 and a length of 
21.07fxm in a direction in which the optical signal travels, and the second layer 142 has 
a refractive index of 1.46. 
5 In this case, an initial optical signal, which is inputted into the first slab 140 

before the temperature is changed, makes it a condition that the optical signal has an 
incident angle a of 30° when it is incidented into the first layer 141, and a refractive 
angle a of 30° when it travels through the second layer 142. Further, the optical signal 
traveling through the first layer 141 has a refractive angle P of 31.03° when the 
10 temperature is not changed, but a refractive angle y of 30.5° when the temperature is 
changed. The refractive index of the first layer 141 has a change rate of about 0.025 
per 1 °C. 

Referring to FIG. 1 again, the grating array 150 comprises a plurality of 
waveguides each of which is a different length from each other. The optical signals 
1 5 inputted from the first slab 140 are separated into different wavelengths of light due to a 
length difference between the waveguides, and then are outputted to the second slab 160. 

The second slab 160 receives the different wavelengths of light separated by 
the grating array 150, and causes the received light to be imaged on its egress surface. 
The output waveguide array 170 is connected to the output side of the second slab 160 
20 and functions as a passage for outputting each light imaged on the egress surface of the 
second slab 160 to the outside in a form of a separated channel. The separated 
channels XI to A,n have different wavelengths from each other. 

As can be seen from the above, the AWG according to the present invention is 
formed with the first slab by media having different refractive indices from each other, 
25 so that it can compensate a wavelength sweep caused by a change in temperature 
without the conventional heater or peltier device. Therefore, the athermal arrayed 
waveguide grating according to the present invention makes it possible to eliminate 
packaging constructure, and thus reducing its volume and manufacturing process. 
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WHAT IS CLAIMED IS: 



1 . An athermal arrayed waveguide grating comprising: 

an input waveguide for inputting two or more optical signals from one exterior 

5 side; 

a grating array for separating the optical signals into different wavelengths of 

light; 

a first slab, formed with two layers which have different refractive indices from 
each other, for connecting the input waveguide with the grating array; 
1 0 a second slab for causing the different wavelengths of light separated at the 

grating array to be imaged on an egress surface thereof; and 

an output waveguide array for outputting each wavelength of light imaged on 
the egress surface of the second slab to the other exterior side in a form of a separated 
channel. 

15 

2. An athermal arrayed waveguide grating according to claim 1, wherein the 
first slab comprises: 

a first layer connected to the input waveguide and having a predetermined 
refractive index which is different from that of the input waveguide; and 
20 a second layer interposed between the first layer and the grating array and 

having a refractive index which is equal to that of the input waveguide. 

3. An athermal arrayed waveguide grating according to claim 2, wherein the 
first slab is formed by material having a refractive index of 1.415 for the first layer and 

25 having a refractive index of 1 .46 for the second layer. 

4. An athermal arrayed waveguide grating according to claim 2, wherein the 
first layer of the first slab has a length of 21.07|im in a direction in which the optical 
signal travels. 
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ABSTRACT OF THE DISCLOSURE 



Disclosed is an athermal arrayed waveguide ^grating. The arrayed waveguide 
grating comprises an input waveguide for inputting two or more optical signals from 
5 one exterior side, a grating array for separating the optical signals into different 
wavelengths of light, a first slab, formed with two layers which have different refractive 
indices from each other, for connecting the input waveguide with the grating array, a 
second slab for causing the different wavelengths of light separated at the grating array 
to be imaged on an egress surface thereof, and an output waveguide array for outputting 
1 0 each wavelength of light imaged on the egress surface of the second slab to the other 
exterior side in a form of a separated channel. 
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